Coagulase-negative staphylococci (C-NS) are a frequent cause of bacteraemia in premature neonates. It is likely that the strains of C-NS causing bacterial sepsis in premature neonates have their origin on the patient's skin surface. We have studied the quantitative development of the skin microflora at eight sites on premature neonates.
The results of this study suggest that the skin of premature neonates is colonised with antibiotic resistant C-NS during the first week of life and that the chance of contamination of an intravascular catheter at insertion increases during this period.
Coagulase-negative staphylococci (C-NS) are frequent isolates from blood cultures of premature neonates.' 2 Episodes of bacteraemia with C-NS are usually associated with intravascular catheters3 and diagnosed after the first week of postnatal life.2 Intravascular catheters predispose to bacteraemia with C-NS both by providing a break in the cutaneous barrier and by acting as a foreign body, reducing local resistance to infection. Quantitative blood culture techniques have shown that numbers of C-NS present in blood of premature neonates with bacteraemia may exceed 1000 colony forming units (cfu)/ml.45 Defective opsonisation and phagocytosis may allow these large numbers of C-NS to circulate in the blood. 6 The strains of C-NS most frequently associated with neonatal infection are often resistant to a wide range of antimicrobials.7 Antibiotic resistant C-NS spread from patient to patient via the hands of nursing and medical staff, leading to colonisation of the skin of premature neonates in intensive care units within the first week of life. The numbers of bacteria on the skin surface will determine the probability and degree of contamination of the catheter at the time of insertion. Local immune defences are more likely to be overcome when large numbers of bacteria are present on the skin at the catheter insertion site.
Qualitative studies suggest that the skin of premature neonates becomes colonised with C-NS within the first few days of life. 8 However, the quantitative development of the cutaneous microflora has not been studied. This is due in part to unsuitability of methods of skin sampling which have been developed primarily for use on adults and may damage the skin of neonates. In this study we have used a non-traumatic swab wash method9 to study the quantitative and qualitative changes in the bacterial flora and in the level and pattem of antibiotic resistance of these bacteria. Then 100 p1 of swab wash fluid was plated onto each media. The numbers of colonies growing on each of the antibiotic-containing plates, with reference to colony counts on media containing no antibiotics, was used to calculate the percentage of the bacterial population that was sensitive to each antibiotic.
DETECTION OF ANTIMICROBIAL SUBSTANCES IN SAMPLE FLUIDS
The presence of antimicrobial substances in skin wash fluid samples was detected by pipetting 100 p1 of the sample into wells previously cut in Isosensitest agar plates that had been surface seeded with Oxford staphylococcus (NCTC 6571). Detection of gentamicin in wash fluid samples was by colorimetric assay using a TDX antimicrobial assay machine (Abbott).
HAND IMPRESSION PLATES
At each sampling a horse blood agar (Oxoid) hand impression plate was taken of the attendant nurses' finger pads and nail margins.
Results
The swab wash method allowed repeated sampling without trauma to fragile neonatal skin. However, daily sampling was not performed in case this disrupted normal skin flora development. No adverse effects on neonatal skin were noticed during the study period.
Acquisition of skin flora followed the same pattern in the four neonates born vaginally after normal labour and in the five neonates born by caesarean section. A surprising observation was the lack of vaginal flora and enterobacteriaceae in early swab wash samples from infants born vaginally.
Bacteria were detectable on the skin surface within six hours of birth. The most common bacterial isolates during the study were C-NS. C-NS were isolated from 92% of samples containing bacteria. Organisms other than C-NS were infrequently isolated from single sites. These organisms were probably not part of the developing microflora and at no time did they replace staphylococci as predominant flora. Other organisms isolated from swab wash samples were: Propionibacterium sp, ahaemolytic streptococci, aerobic spore bearing bacilli, aerobic coryneforms, C albicans, Klebsiella oxytoca, Pityrosponum sp, Kiebsiella pneumoniae, and Escherichia coli.
Numbers of staphylococci present at the skin sites sampled rose rapidly during the first 7 days of postnatal life (fig 1) . Acquisition of cutaneous C-NS in neonates of <28 weeks' and >28 weeks' gestational age followed a similar pattern.
During the study 2548 staphylococcal isolates were selected by colonial morphology for species identification. Staphylococcus epidermidis was found at all sites and accounted for 82% of the total colonial types of staphylococci. Other species of staphylococcus isolated were: S warnerii 4-2%, S haemolyticus 1 401%, S aureus 2-4%, S saprophyticus 1-6%, S hominis 1 0-8%, S hominis 2 0 7%, S haemolyticus 2 0-6%, S xylosis 1 0 5%, S capitis 0 4%, S cohnii 0/3%, S xylosis 2 0-2%, and S simulans 003% and micrococcus 2-0%. This rapid development of cutaneous microflora was unstable, with considerable day to day variation in numbers (0-lx103 cfu/cm2) and in species present. A similar pattern of variation was seen in all neonates at all sites.
The proportion of C-NS resistant to antibiotics, determined by comparison of bacterial counts of swab wash samples on media with and without added antibiotics, revealed similar day to day variation ( fig 2) . Antibiotic resistant C-NS were present in all neonates by the end of the first week of life. Resistance to antibiotics used on the unit was an expected finding. However, resistance to antibiotics not commonly used, such as chloramphenicol, was also observed. The development with time of the percentage of cutaneous staphylococci from the forearm that were resistant to antibiotics is shown in fig 3. The forearm was chosen as an example as it is here that peripheral intravenous catheters are often sited.
The high proportion of isolates resistant to gentamicin was a common finding in all neonates at all sites. Quantitative changes in cutaneous staphylococci and percentage resistance to antibiotics with postnatal age is shown in one premature neonate in fig 4. Antibiotic resistance of the skin microflora did not appear to be temporally related to the use of antibiotics. Generally there was a wide variation in numbers and types of organisms with no correlation of species with site.
Antimicrobial activity on neonatal skin was demonstrated in 14 1% of 320 unselected swab wash samples. The finding of gentamicin in one swab wash fluid was probably due to gentamicin excreted in urine which contaminated the skin. A swab wash fluid exhibiting antimicrobial activity which was neutralised with the addition of ,-lactamase solution was also noted. The finding of antimicrobial activity was not related to site of sampling.
The hand impression plates obtained from attending staff usually yielded C-NS, which were identified by the methods mentioned earlier. On one occasion S xylosis 1, an uncommon isolate, was detected on both neonatal skin and attendant's hand plate, suggesting transfer of organisms between the two. Figure 4 Quantitative changes in cutaneous staphylococci and percentage resistant antibiotics with postnatal age. Resistance is shown in relation to treatment: ampicillin and gentamicin (G) given to day 6, the vancomycin (V) and ampiciUin, followed by ampicillin, gentamicin, and metronidazole (Mz).
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These findings highlight the need for good skin preparation with an efficient skin disinfectant before inserting intravenous catheters and, as repopulation of the skin at the entry site occurs within 18 hours,22 for site care after insertion. Good handwashing technique and minimal handling will help reduce the hand carriage and transfer of microorganisms.
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